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[5 7] ABSTRACT 

This disclosure relates to apparatus for the production 
of a highly swellable or expandable solid-liquid sub 
stance from solid and liquid components by continu 
ously metering and combining the latter components 
and prior to the expansion of the solid component 
subjecting the admixed components to high shearing 
forces within ‘a mixing chamber by means of a rotatable 
rotor and a stationary stator having oppositely directed 
generally opposing rings which are radially offset to 
each other. 

4 Claims, 1 Drawing Figure 
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ARRANGEMENT FOR THE PRODUCTION OF A 
SUSPENSION OF HIGHLY SWELLABLE 

' ' SUBSTANCES ‘ 

The present invention relates to a method of and an 
apparatus for the production of a suspension of highly 
swellable or expandable substances with the ratio by 
weight between the amounts of solid‘ components and 
liquid components being kept constant. ' 

It is well known to use highly expandable or swellable 
products or substances in a number of industries as, for 
example, the use of caraginates employed as thickners 
in food industries as, for example, in the production of 
ice cream or in the cosmetic industry in the production 
of toothpaste and the like. Another example of the use 
of highly swellable substances or suspensions is the 
introduction of bentonite‘ (activated clay mineral) sus 
pensions or substances in the building industry for ceil 
ing shutter walls or like barricades or forms which are 
typically employed in trenching operations to prevent 
the earth from accidentally re?lling the trench. Such 
highly swellable substances are also used for lining and 
supporting holes drilled in the earth as, for example, 
well holes. 

It is further known that the efficiency of such swelling 
agents, i.e., the increase in the apparent viscosity which 
can be achieved relative to the solid-to-liquid ratio, is 
highly dependent on the degree to which the solid com 
ponent is dispersed in or admixed with the liquid com 
ponent of the total substance or suspension. In the 
conventional intermittent method which by way of 
example may be simply considered to be the use of a 
stirrer mechanism in‘ a container it is possible to 
achieve a satisfactory dispersion of the liquid and solid 
components if ‘the stirring action is carried out for a 
sufficiently long period of time. Thus, a suspension of 
bentonite can be produced by stirring an admixture in 
a container with a capacity of about 3,000 litres by 
stirring for at least 6 hours. Needless to say, such an 
operation‘ is very time consuming and cannot be gener— 
ally employed, particularly on a commerical basis and 
not at all upon a continuous mode of manufacture. 
The continuous dispersing of solid components in or 

with liquid components is also in common use provided 
the ratio between the solid components and liquid com 
ponents amount to about 10 to 70% of the solid compo 
nents and 90 to 30% of the liquid components. How 
ever, any attempts at dispersing these components in a 
continuous manner has been found to be very dif?cult 
in connection with highly swellable or expandable solid 
components 'in which the latter is of a percentage below 
10% by weight. This is due to the fact that the addition 
of the solid component to the liquid component causes 
a rise in viscosity which is suf?cient, even with inco'rn 
plete dispersion, to prevent any further dispersion by 
the action of conventional ‘stirring forces.'Additionally, 
the increase in the velocity is also suf?cient to render it 
impossible to treat the solid-liquid admixture or sub 
stance in a desired manner'primarily because the ?ow 
behavior precludes the continuous supply of thecom 
ponents in a continuous fashion. There therefore arises 
the con?icting situation of it not being apparently pos 
sible to carry out any increase in'the velocity of a sus 
pension which could, however, in principle be achieved 
if the suspension were exposed to shearing forces be 
cause the increase in the apparent viscosity is so great 
that any supply of the components to the shearing ap 
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2 
paratus is rendered impossible due to clogging resulting 
from the excessive swelling of the expandable solid 
component. In basically any form of a continuous oper- 
ation in which the solid and liquid components are fed 
to a dispersing or shearing device there necessarily is 
contact between the latter components. If the quantity 
of the solid component is so small that the relative 
speed of supply of the solid component is lower than 
the speed of penetration of the liquid into the solid 
clogging of the supply conduits for the solid component 
is produced, and in certain circu'mstances‘an undesir 
able retardation and wetting of the solid component‘ . 
occurs .by the wicking,- penetration, or entry of the 
liquid component into the solid particles. ' 
In view of the foregoing it is a primary object of the 

present invention to produce substances or suspensions 
of liquid components‘ and highly swellable or expand 
able solid components in a solid component-liquid 
component ratio of less than 10:90% by weight without 
there being any danger of the inlet conduits, channels 
or the like to the shearing or‘mixing device becoming 
clogged during continuous operation, and as a result 
the relatively low fraction of the solid component is 
better dispersed and thus better utilized than hereto 
fore provided for in the prior art. ' ' 
The present invention is particularly characterized by 

the fact that the solid components and the'liquidcom 
ponents are continuously measured or metered in pre 
determined quantities and are admixed or combined 
before being subject to a mixing apparatus which pro 
duces high shearing forces and in effect the admixed 
liquid and solid components are almost immediately 
introduced after admixture into the mixing apparatus. 
The invention is further de?ned by a speci?c mixing 

apparatus having a mixing chamber de?ned between a 
rotatable rotor and a stationary stator each of which 
has a plurality of opposing rings disposed in radially 
offset relationship to therebetween de?ned a generally 
transversely sinesoidal ?ow path through which the 
admixed components are impelled both radially out 
wardly and simultaneously swirlled until eventually 
discharged through an appropriate outlet. 
By virtue of the apparatus just described it is possible 

with certainty to produce a complete highly swellable 
solid-liquid substance from solid and liquid compo 
nents even though the solid component content is sub 
stantially less than 10% by weight of the total solid~liq 
uid substance. Thus, before the solid components begin 
to swell they are disposed in the mixing chamber and 
are subjected to high shearing centrifugal forces due to 
the rotation of the rotor. As the high shearing forces 
are continually applied the overall substance remains in 
a sufficiently liquid state due to the generally thixo 
tropic behavior of the substance and in an extremely 
short period of time (within one to two minutes) the 
substance may be continuously removed from the mix 
ing chamber and immediately used thereafter. Practi 
cally no noticable preparatory time is required, the cost 
of construction of theapparatus is additionally compar 
atively low, and the certainty of a suspension or sub 
stance being produced with the required properties is 
satisfactorily‘provided. > . 

With the above and other objects in view that will 
hereinafter appear, the nature of the invention will be 
more clearly understood by reference to the following 
detailed description, the appended claimed subject 
matter, and the several views illustrated in the accom 
panying drawings. ‘ 
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IN THE DRAWING 

The single illustration of the drawing is a diagram 
matic side elevational view, partly in cross-section, and 
illustrates the manner in which liquid and highly ex 
pandable solid components are metered, admixed, and 
fed to a mixing chamber in which they are subjected to 
high shearing forces as a result of a rotating rotor and 
a cooperative stator, both of which have radially offset 
circular rings or teeth. 
A novel apparatus constructed in accordance with 

this invention for the production of a highly swellable 
or expandable solid-liquid substance or suspension 
from solid and liquid components is generally desig 
nated by the reference numeral 1 and includes a rotor 
2 carried by a shaft (unnumbered) of a geared motor 3. 
The rotor 2 is disposed in a chamber (unnumbered) of 
a housing 4 and a plurality of circular rings 5 of the 
rotor 2 are in opposed relationship to a plurality of 
rings 6 which are likewise of a circular configuration 
and define a stator. The area of mixture or the mixing 
chamber may be considered to be the area between the 
rings 5, 6 which, as viewed in transverse cross-section, 
defines a generally sinesoidal ?ow path due to the radi 
ally offset relationship of the rings 5, 6. Thus, upon the 
introduction of the solid-liquid admixture through an 
inlet 7 into the housing 4 between the rings 5, 6, the 
rotation of the rotor 2 subjects the admixture to high 
shearing forces created by the inherent radially out 
wardly impelling forces and the swirlling forces created 
by the rotation of the rotor 2 with the radial forces 
being additionally employed to impel the completely 
dispersed substance through an outlet 8 of the housing 
4 disposed in radial relationship to the mixing chamber 
and the axis (unnumbered) of the rotor 2 with, of 
course, appropriate conduits 18 being provided to di 
rect the expanded solid-liquid substance to its eventual 
point of use. 
Though the details of the rotor and stator are not 

speci?cally set forth herein except those described 
heretofore, reference may be made to co-pending ap 
plication Ser. No. 533,886 in the name of Friedrich J. 
Zucker, filed Dec. 18, 1974 entitled PROCESS FOR 
CONTINUOUS CATALYTIC HYDROGENATION. 

In order to continuously produce the swollen solid 
liquid substance eminating from the outlet 8 the solid 
expandable or swellable material is supplied from a 
storage tank or hopper 10 by means of a measuring or 
metering screw 11 driven by a motor 12 to an upper 
end portion (unnumbered) of a funnel-shaped hopper 
13. The measuring worm or screw 1 1 may be driven or 
rotated intermittently or continuously, but whether 
driven intermittently or continuously a continuous me 
tering action is achieved and the speed of rotation of 
the metering worm 11, be it on a stop and go or a 
continually revolving basis is dependent upon like me 
tering of a liquid delivered to the funnel-shaped hopper 
13 from a container 14 through an adjustable ?ow 
meter 16 and a conduit 15. The liquid component is 
continuously replenished in the container 14, as is the 
solid component, as indicated by the unnumbered 
headed arrows associated with the container 14 and the 
hopper 10. Likewise, in lieu of the measuring screw or 
worm 11 it is possible to employ a measuring conveyor 
type weighing device or the like. 
The supply pipe 15 opens into the funnel-shaped 

hopper 13 tangentially so that a spirally and down 
wardly narrowing liquid flow 17 is provided in such 
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4 
manner that the solid components or particles brought 
into contact with the liquid are admixed and then im 
mediately delivered through the inlet 7 into the mixing 
chamber between the rings 5, 6. Though the inlet 7 is 
shown as a separate tube or pipe coupled to an open 
narrow end (unnumbered) of the hopper 13, it is 
pointed out that these latter components could be of an 
integral one-piece construction or alternatively the 
pipe 7 could be eliminated and the outlet at the narrow 
end of the hopper 13 could be coupled directly to the 
housing 4 adjacent the opening (unnumbered) formed 
therein receiving the pipe 7. 
By means of the apparatus 1 the ratio between the 

solid components and the liquid components is kept 
constant throughout the operation and due to the rapid 
transfer of the components through the hopper 13 the 
admixed liquid and solid components are delivered into 
the mixing chamber of the housing 4 before the swell 
able or expandable solid component begins to expand 
or swell. The invention has particular advantage in 
forming substances of activated clay material (benton 
ite) and these are produced in a solid-liquid ratio of less 
than 10%:90% by weight. With bentonite there is pro 
duced a substance or suspension with a suf?cient ap 
parent viscosity in order, for example, to prevent the 
collapse of shutter walls of a depth of 6 meters and a 
slot width of 300mm when in use in an average consis 
tency soil (sandy and/or loamy). The apparatus as thus 
described makes it possible to produce suspensions of 
liquids and other highly swellable solid substances with 
a proportion by weight of the solid components being 
substantially lower than 10%. 
While preferred forms and arrangements of parts 

have been shown in illustrating the invention, it is to be 
clearly understood that various changes in detail and 
arrangement of parts may be made without departing 
from the spirit and scope of this disclosure. 

I claim: 
1. Apparatus for the production of a highly swellable 

solid-liquid substance from solid and liquid compo 
nents comprising means for continuously metering a 
solid expandable component, means for continuously 
metering a liquid component, means for continuously 
combining the metered solid and liquid components, 
said combining means includes a funnel-shaped con 
tainer having a wide upper tapered inlet end and a 
narrower tapered lower outlet end, means for introduc 
ing the metered solid component into said funnel 
shaped container at said upper end, means for tangen 
tially introducing the metered liquid component into 
said funnel-shaped container at said upper tapered end 
thereby premixing the combined solid and liquid com 
ponents by forming a spirally and downwardly narrow 
ing ?ow thereof, a housing, a mixing chamber in said 
housing, means for imparting high shearing forces to 
said premixed components within said mixing chamber 
to form the highly swellable solid-liquid substance, an 
outlet for removing the substance from said mixing 
chamber, an inlet for introducing said premixed com 
ponents into said mixing chamber, an outlet at said 
funnel-shaped container lower end, and said last-men 
tioned outlet being disposed immediately adjacent said 
mixing chamber inlet. 

2. The apparatus as de?ned in claim 1 wherein said 
funnel-shaped container includes a sloping wall portion 
extending between said upper inlet and lower outlet 
ends, and said solid component introducing mean» 
introduces the solid component directly on said sloping 
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wall portion at said upper inlet end whereby said tan 
gentially introduced liquid component reacts in shear 
with said solid component during the spirally and 
downwardly narrowing ?ow thereof. , 
3.‘The apparatus as de?ned in claim 2 including a 

source of supply for said liquid component, said liquid 
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6 
component introducing means including a conduit 
leading from said source of liquid component supply, 
and a liquid metering valve in said conduit. 

4. The apparatus as de?ned in claim 3 wherein said 
solid component introducing means introduces said 
solid component in a vertigallyk downward direction. 

* * * l 


